The exocuticle and associated epidermal cells in a shore crab, Gaetice depressus, were studied in relation to the calcification of theexoskeleton.
The exocuticle and associated epidermal cells in a shore crab, Gaetice depressus, were studied in relation to the calcification of theexoskeleton.
In the completed exoskeleton, the upper part of the exocuticle is heavily calcified showing a marked contrast with the lower weakly calcified part.
Differences of some histochemical nature were detected betweenthese two parts. Throughout the molting cycle, the upper calcifying part of the exocuticle was shown to be strongly metachromatic with toluidine blue and strongly positive to alcian blue, while the lower less-calcifying part was faintly metachromatic and less positive to alcian blue. The epidermal cells in the premoltstage D3-D4 and postmolt stage A1-A2 were very faintly positive by the von Kossa stain, but they showed an intensely positive reaction in the postmolt stage B1-C3 and the intermolt stage C4.
It is well known that the molting of the crustacean exoskeleton takes place after the new epi-and exo-cuticles have been prepared under the old exoskeleton, while the formation of the new endocuticle begins subsequently to the actual casting of the old exoskeleton.
Manyworkers have noticed that the newly formed exocuticle remains uncalicified before or immediately after the molting, but begins to calcify in accordance with the calcification ofthe endocuticle that occurs as soon as it is formed1-7). However, the mechanism work ing in inhibiting the calcification of the exocuticle has not clearly been explained.
In mammals, there exists some evidence showing that light fractions of protein polysaccharide play an important role in the inhibition of thecalcification of various hard tissues8-10). In the crustacean exoskeleton, however, nothing has been known of the possible role of the protein-polysaccharide complex playing in its calcification. The author has found in the exocuticle of the completd exoskeleton of a shore crab, Gaetice depressus, the presence of two different layerswith respect to their degree of calci fication, the upper one heavily calcified, and the lower one weakly calcified. The present study has been undertaken to clarify differences of some histochemical nature, particularly with reactions for protein-polysaccharide , between the matrices of these two layers before and after the calcification . Some histochemical characteristics of the epidermal cells, which may have a close relation to the calcification of the exoskeleton, have also been examined . 
Results
Before and immediately after the molting(stage D3-A2), the exocuticle of the new exoskeleton remains uncalcified (Fig. 1) . In 24 hours or so after the molting(stage B1), however, the exocuticle begins to calcify concomitantly withthe formation and calcification of the endocuticle. The calcification of both the exo and the endocuticles progresses gradually with the lapse of time (Fig. 2) . In the completed exoskeleton, it was noted that the upper part of the exocuticle was heavily calcified showinga marked contrast with the lower weakly calcified part (Fig. 3) . A microradiographic examination revealed these two parts as upper light and lower dark layers with a distinct wavy boundary between them, although they cannot be discriminated in usual histological preparations. The histological stainings and histochemical reactions for acid mucopolysaccharides and proteins were compared before and after the calcification with both the upper calcify ing part and the lower less-calcifying part, and also with the epidermal cells (Table 1) .
Throughout the molting cycle, the upper calcifying part of the exocuticle was shown to be strongly metachromatic with toluidine blue and strongly positive to alcian blue, while thelower less-calcifying part was faintly metachromatic and less positive to alcian blue (Figs. 4 and 5 ). Metachromasia and alcianophilia found in the upper part were slightly resistant to hyaluronidase-digestion and reappeared, though less intensely, after the methylation and saponification treatment. The metachromasia found in the lower part disappeared completely with the hyaluronidase digestion( Table 1) . It was characteristic that a distinct alcianophilia appeared in the lower part only after digesting proteins with trypsin, in contrast with the unchanged weak staining by toluidine blue after the same treatment. Moreover, both stainings with acrolein-Schiff and bromphenol blue showed weaker colorations in the upper part than in the lower part (Table 1) . Some histochemical differences as to acid mucopolysaccharide and proteins were detected in the epidermal cells before and after the molting (Table 1 ). Staining intensities Table 1 . Histochemical characteristics of the upper calcifying and the lower less-calcifying parts of the exocuticle and the epidermal cellsbefore (stage D3-A2) and after (stage B1-C4) the calcification begins.
* stages of the molting cycle according to Drach11) In the upper calcifying part of the exocuticle,on the other hand, the acid mucopoly saccharides may also be distributed forming a protein-polysaccharide complex. Judging from the differences of staining behaviours, however, the nature of the mucoprotein in the upper calcifying part may be different from that of the lower less-calcifying part. A possible explanation may be that a degradation of the protein-polysaccharide with the cel lulardigestion, e.g., by lysosomal enzymes22-27), could take place in this calcifying part. Further works are necessary in order to verify this phenomenon.
Calcium salts as revealed by the von Kossa method were scarcely observed in the epi dermal cells when the exocuticle remains uncalcified, but the staining reaction turned into positive in these cells just prior to the onset of the calcification in the whole exoskele ton. Therefore, the epidermal cells are assumed to be involved not only in the formation of the exoskeleton matrix but also in the control of its calcification. TRAVIS4) has suggested that a regulatory control of the epidermal cells over variations in the physiocochemical environment surrounding the exoskeleton matrix induces the deposition of inorganic crystals.
